Global dyssynchrony correlates with compromised left ventricular filling and stroke volume but not with ejection fraction or QRS duration in HFpEF.
Introduction
Heart failure (HF) remains a major public health hazard worldwide, with its increasing incidence 1, 2 . It has now been established that almost 50% of HF patients present with typical signs and symptoms but preserved left ventricular (lV) ejection fraction (eF) (HFpeF) 3 . Furthermore, HFpeF has been shown to share similar mortality to that of HFreF 4 urging the need for serious identification of stringent treatment polices. Randomized clinical trials have succeeded in establishing the important role of pharmacological treatment of HF with reduced eF, but they failed to do so in patients with HFpeF [5] [6] [7] suggesting the lack of clear understanding of the pathophysiology of the syndrome as well as various mechanisms for symptom development. likewise, cardiac resynchronization therapy (CRt) has proved successful in improving HFreF patient's symptoms and survival [8] [9] [10] , particularly in those with clear evidence for electrical and mechanical dyssynchrony. However, respective management in HFpeF has not been proved significantly effective. Furthermore, markers of global lV dyssynchrony e.g. tei index and total isovolumic time (t-IVt) have previously been shown sensitive in identifying HFreF patients likely to benefit from CRt [11] [12] [13] [14] [15] , but have not been studied in HFpeF. the aim of this study therefore was to assess the role of global lV dyssynchrony in explaining symptoms in HFpeF which might guide to better treatment strategy.
Methods

Study population
we studied 55 symptomatic HFpeF patients (age 60±9 years, NyHA class II-IV; lV eF ≥45%) and 24 age and gender matched controls. patients were referred to the Clinic of Cardiology, university Clinical Centre of Kosovo, between January 2009 and April 2011. At the time of the study all patients were on optimum cardiac medications, optimized at least 2 weeks prior to enrollment, based on patient's symptoms and renal function: 78% were receiving ACe inhibitors or ARB, 64% ß-blockers and 36% spironolactone. patients with more than mild mitral regurgitation, more than mild renal failure, chronic obstructive pulmonary disease (Copd) or those with recent acute coronary Abstract Background and Aim: Mechanical global left ventricular (lV) dyssynchrony reflected as prolonged total isovolumic time (t-IVt) has been introduced as a potential mechanism behind compromised stroke volume in heart failure (HF). It has also been shown to be superior to other markers of dyssynchrony in predicting response to cardiac resynchronization therapy (CRt), but its application in HF with preserved ejection fraction (HFpeF) remains unknown. the aim of this study was to assess the role of t-IVt in explaining symptoms in HFpeF.
Methods: In 55 symptomatic HFpeF patients (age 60±9 years, NyHA class II-IV; lV eF ≥45%) and 24 age and gender matched controls, a complete doppler echocardiographic study was performed including mitral annulus peak systolic excursion (MApse) and myocardial velocities as well as lV filling, outflow tract velocity time integral (VtI) and stroke volume measurements. global lV dyssynchrony was assessed by t-IVt [in s/min; calculated as: 60 -(total ejection time + total filling time)], tei index (t-IVt/ejection time) and pre-ejection time difference between lV and RV.
Results: patients had reduced lateral and septal MApse (p=0.009 and p=0.01, respectively) lower lateral and septal s' (p=0.002 and p=0.04, respectively) and e' (p<0.001, for both) velocities and higher e/e' ratio (p=0.01) compared to controls. they also had longer t-IVt (p<0.001), higher tei index (p=0.04), but similar pre-ejection time difference and lVeF to controls. t-IVt correlated with lV filling time (r=0.44, p<0.001), stroke volume (r=-0.41; p=0.002), MApse (lateral: r=-0.36, p=0.007 and septal: r=-0.31; p=0.02), but not with lV mass index, lVeF, e/e' ratio or QRs duration.
Conclusion: patients with HFpeF have exaggerated global mechanical dyssynchrony shown by prolonged t-IVt, compared with healthy age and gender matched controls. the relationship between t-IVt, lV filling and stroke volume suggests an association, more important than with ejection fraction or electrical dyssynchrony. these results support the importance of the individualistic approach for optimum HFpeF patient management.
Key words: Heart failure, left ventricular dyssynchrony, total isovolumic time, longitudinal function, stroke volume syndrome, stroke or anemia were excluded. patients gave a written informed consent to participate in the study, which was approved by the local ethics Committee.
Data collection
detailed history and clinical assessment were obtained in all patients, in whom routine biochemical tests were also performed including hemoglobin, lipid profile, blood glucose level, and kidney function tests. estimated body mass index (BMI) was calculated from weight and height measurements. waist-hip measurements were also made and waist/hip ratio calculated.
Echocardiographic examination
A single operator performed all echocardiographic examinations using a philips Intelligent e-33 system with a multi-frequency transducer, and harmonic imaging as appropriate. Images were obtained with the patient in the left lateral decubitus position and during quiet expiration. end-systolic and end-diastolic lV dimensions were made from the left parasternal long axis view with the M-mode cursor positioned by the tips of the mitral valve leaflets. lV volumes and eF were calculated from the apical 2 and 4 chamber views using the modified simpson's method. Ventricular long axis motion was studied by placing the M-mode cursor at the lateral and septal angles of the mitral ring and the lateral angle of the tricuspid ring. total amplitude of mitral and tricuspid annulus peak systolic excursion (MApse and tApse) was measured as previously described 16 from peak inward to peak outward points. lV and right ventricular (RV) long axis myocardial velocities were also studied using doppler myocardial imaging technique, from the apical 4-chamber view. longitudinal velocities were recorded with the sample volume placed at the basal part of lV lateral and septal segments as well as RV free wall. systolic (s') and early (e') diastolic myocardial velocities were measured with the gain optimally adjusted, and the mean value of the two was calculated. left atrial diameter was measured from the aortic root recordings with the M-mode cursor positioned at the level of the aortic valve leaflets. diastolic function of the lV and RV was assessed from filling velocities using spectral pulsed wave doppler technique with the sample volume positioned at the tips of the mitral and tricuspid valve leaflets, respectively, during a brief apnea. peak lV and RV early (e wave), and late (A wave) diastolic velocities were measured and e/A ratios were calculated. the e/e' ratio was calculated from the transmitral e wave and the mean lateral and septal segments e' velocities. the isovolumic relaxation time was also measured from aortic valve closure to mitral valve opening, on the pulsed wave doppler recording. lV filling pattern was considered 'restrictive' when e/A ratio was >2.0, e wave deceleration time < 140 ms and the left atrium dilated of more than 40 mm in transverse diameter 17 .
stroke volume (sV) was calculated as the difference between the end-diastolic volume and end-systolic volume. Cardiac output (Co) was calculated by multiplying the sV by heart rate per minute. the cardiac index (CI) was obtained by dividing the Co by the body surface area.
Measurements of LV dyssynchrony
Indirect assessment of lV dyssynchrony was obtained by measuring total isovolumic time (t-IVt), tei Index and lV-RV pre-ejection time delay. total lV filling time was measured from the onset of the e wave to the end of the A wave and ejection time from the onset to the end of the aortic doppler flow velocity. total isovolumic time (t-IVt) was calculated as 60 -(total ejection time + total filling time) and was expressed in s/ min 18 . tei index was calculated as the ratio between t-IVt and ejection time 19 . lV and RV pre-ejection times were measured as the time interval between the onset of the q wave and the onset of the aortic and pulmonary forward flow velocities, respectively and the time delay between the two was calculated 19 .
Mitral regurgitation severity was assessed by colour and continuous wave doppler and was graded as mild, moderate, or severe according to the relative jet area to that of the left atrium as well as the flow velocity profile, in line with the recommendations of the American society of echocardiography 20 . likewise, tricuspid regurgitation was assessed by color doppler and continuous-wave doppler. Retrograde trans-tricuspid pressure drop > 35 mmHg was taken as an evidence for pulmonary hypertension 21 . All M-mode and doppler recordings were made at a fast speed of 100 mm/s with a superimposed eCg (lead II).
Statistical analysis
data is presented as mean ± sd or proportions (% of patients). Continuous data was compared using two-tailed unpaired student's t test and discrete data with Chi-square test. Correlations were tested with pearson coefficients.
Results
Clinical and biochemical data in patients and controls patients did not differ from controls in age, gender or other clinical or biochemical data, except kidney function (patients had higher blood urea and creatinine levels, p=0.001 and p=0.03, respectively) and higher body-mass index (p=0.001, table 1). Echocardiographic data in patients and controls patients had thicker lV walls (p<0.001, for both interventricular septum and posterior wall) and larger left atrium (p=0.002), compared with controls, but the lV dimensions and global function (eF) did not differ between groups (table 2, Figure 1 ). However, patients had compromised long axis systolic function: lower lateral and septal MApse (p=0.009 and p=0.02, respectively), and lower lateral and septal s' (p=0.002 and p=0.04, respectively), as well as e/e' ratio (p=0.01). patients had also disturbed lV diastolic function: lower lateral and septal e' (p<0.001, for both), and increased A velocity (p=0.02), compared with controls. patients had shorter lV filling time (p=0.002) compared to controls. the lV dyssnchrony indices, showed prolonged t-IVt and high tei index in patients compared with controls (p<0.001 and p=0.04, respectively, table 2, Figure 2 ). the rest of the doppler echocardiographic indices did not differ between patients and controls. From right ventricular echocardiographic indices, only tApse was reduced (p=0.01) and A velocity was increased (p=0.03) in patients compared with controls (table 2) . we corrected all significant differences to body-surface area, but this did not show any additional differences. patient's QRs duration was significantly broader than controls, 95±24ms vs. 83±11ms, p=0.03. Right s' wave (cm/s) 9.9 ± 3.1 9 ± 3.0 0.22 lV: left ventricle; RV: right ventricle; A: atrial diastolic velocity; e: early diastolic filling velocity; edd: end-diastolic dimension; esd: end-systolic dimension; t-IVt: total isovolumic time; IVRt: isovolumic relaxation time; s': systolic myocardial velocity; e': early diastolic myocardial velocity; a': late diastolic myocardial velocity; MApse: mitral annulus peak systolic excursion; tApse: tricuspid annulus peak systolic excursion; BsA: body-surface area. In contrast, t-IVt did not correlate with lV mass index, cavity dimensions, eF, e/e' ratio, cardiac output or QRs duration. Nineteen patients had t-IVt > 11.5 s/m (upper normal 95% CI) and 17 had QRs duration >135 ms. ten patients had both abnormalities.
Correlation of t-IVT with electrical and and echocardiography indices in patients
Discussion
Findings: our findings show that in a group of patients with HFpeF, cardiac structure differences with respect to healthy age and gender matched controls were minimal, mainly in the form of myocardial hypertrophy and left atrial enlargement. Cardiac function differences however, were significant with MApse and myocardial s' wave globally reduced. Also, diastolic function was disturbed with e' wave globally reduced and e/e' raised. In addition, markers of global dyssynchrony were significantly abnormal with t-IVt prolonged and tei index raised. t-IVt correlated with MApse, lV filling time and stroke volume and lA diameter. Finally, stroke volume was significantly compromised in the patient's group compared to controls.
Data interpretation: despite preserved lV ejection fraction our findings show that global subendocardial function in the form of MApse amplitude and velocities was significantly reduced in HFpeF. In addition, there was a mixed pattern of lV filling which suggests modest rise of lA pressure, supported by the lA enlargement and raised e/e', as well as consistent dyssynchrony manifested by the prolonged t-IVt and high tei index. lV dyssynchrony was not an independent finding but its correlation with lV function parameters, in particular filling time and stoke volume suggests a significant role in compromising both of them. we reserve commenting on the statistical strong relationship between t-IVt and tei index, we found, since the former is a component of the latter.
total isovolumic time reflects the sum of the isovolumic contraction time and isovolumic relaxation time, therefore is considered as a wasted phase in the cardiac cycle when the lV is neither filling nor ejecting. It has been previously shown to correlate with changes in QRs duration 22 , to predict exercise capacity 23, 24 and mortality in HFreF 25 . In addition, the longer t-IVt has been proved as the best predictor of satisfactory clinical response to CRt management of HF [11] [12] [13] [14] [15] . In the current study, t-IVt did not correlate with QRs duration, but its relationship with function parameters i.e. compromised lV filling and stroke volume provide a clear explanation for patients' exertional breathlessness. Compromised lV filling results in suboptimal lA emptying which raises filling pressures, shown by e/e' and increased lA volume, and consequently causes pulmonary venous hypertension and symptoms. the modest inverse relationship between t-IVt and MApse suggests a potential compensatory mechanism in order to maintain lV stroke volume, and hence a vicious circle of symptoms.
Clinical implications: our findings demonstrate different mechanism for patient's breathlessness other than delayed depolarization causing dyssynchrony as is the case in HFreF. the modest correlations between t-IVt and filling and stroke volume suggest an intrinsic myocardial dysfunction, even in individual patients, compromising left atrial emptying and consequently stroke volume. the difficulty remains as how to better manage these findings. Reducing lA pressure by vasodilators and diuretic should not be on the expense of further reduction in filling and stroke volume. the extent of dyssynchrony that requires electrical (CRt) treatment remains controversial since only less than 20% of patients had combined electrical and mechanical evidence for dyssynchrony as previously shown 26 . Applying CRt treatment on the 7 extra patients with QRs >135 ms remains questionable. Although the measurements we analyzed do not look specific for HFpeF they might be useful in assessing individual patient response to other recommended therapies e.g. beta blockers.
Limitations: the small number of patients we studied weakens generalizing the findings, in view of the known heterogeneity of HFpeF patients 27 . we did not measure lA pressure objectively but relied on the well validated measures of estimated left atrial pressure e.g. enlarged cavity and raised e/e'. we did not assess cardiac function at the time of symptom development but deduced our interpretation on the basis of resting findings and prior knowledge of cardiac response to exercise in the setting of HFpeF 28 .
Conclusion: left ventricular global dyssynchrony correlates inversely with short filling time and compromised stroke volume in HFpeF patients, but not ejection fraction or QRs duration. these findings suggest a potential benefit from CRt, in a minority of symptomatic patients who demonstrate clear evidence for electrical and mechanical dyssynchrony. they also stress the need for critical individualistic approach to achieve optimum management for HFpeF.
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